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(54) Magnetoresistive memory devices 

(57) Magnetoresistive devices are disclosed which 
include a changeable magnetic region within which at 
least two magnetic states can be imposed. Upon mag- 
netoresistive electrical interaction with the device, the 
relative orientation of the magnetic states of the change- 
able magnetic region, and a proximate reference mag- 
netic region, can be sensed thereby providing a binary 
data storage capability. The present invention limits the 
electrical interaction to only a preferred portion of the 
changeable magnetic region, e.g., the portion within 
which the two magnetic states can be dependably pre- 
dicted to be substantially uniform, and opposite of one 
another. Structures for limiting the electrical interaction 



to this preferred portion of the changeable magnetic re- 
gion are disclosed, and include smaller interaction re- 
gions, and alternating areas of insulation and conduc- 
tive, interaction regions, disposed proximate the 
changeable magnetic region. The principles of the 
present invention can be applied to magnetic random 
access memory ("MRAM") arrays, which employ giant 
magnetoresistive ("GMR") cells, or magnetic tunnel 
junction ("MTJ") cells, at the intersections of bitlines and 
wordlines, and also to magnetic sensors such as mag- 
netic data storage devices having access elements 
used to access data on a magnetic data storage medi- 
um. 



04 
< 

CM 
CO 

CD 
CO 
O 

o 

Q. 

LU 



Printed by Jouvd, 75001 PARIS (FR) 



1 



EP 0 936 624 A2 



2 



Description 

[0001] This invention relates to the fabrication and ac- 
cess of magnetic devices used in, for example, magnet- 
ic memory cells in a magnetic random access memory 
("MRAM"). 

Background of the Invention 

[0002] Magnetic Random Access Memory ( n MRAM B ) 
arrays of the type disclosed in the U.S. Patents US 
5,640,343, and US 5,650,958, and depicted in Figs. 1a- 
b herein, include an array of magnetic memory cells (e. 
g., cell 9) positioned at the intersections of wordlines 1 , 
2, 3 and bitlines 4, 5, 6. Each cell includes a magnetically 
changeable or free region 24, and a proximate magnetic 
reference region 20, arranged into a magnetic tunnel 
junction ("MTJ") device 8. The principle underlying stor- 
age of data in such cells is the ability to change the rel- 
ative orientation of the magnetization of the free and ref- 
erence regions by changing the direction of magnetiza- 
tion along the easy axis ("EA") of the free region, and 
the ability to thereafter read this relative orientation dif- 
ference. Such arrays are also disclosed in the following 
commonly assigned, concurrently filed U.S. Patent Ap- 
plications: 

1. Application No.: 09/021,342, filed 10 February 
1998, and entitled, MAGNETIC MEMORY DEVIC- 
ES HAVING MULTIPLE MAGNETIC TUNNEL 
JUNCTIONS THEREIN"; 

2. Application No: 09/021,515, filed 10 February 
1998, and entitled, "INTENTIONAL ASYMMETRY 
IMPOSED DURING FABRICATION AND/OR AC- 
CESS OF MAGNETIC TUNNEL JUNCTION DE- 
VICES"; and 

3. Application No: 09/021,569, filed 10 February 
1998, and entitled, "LIMITING MAGNETIC WRIT- 
ING FIELDS TO A PREFERRED PORTION OF A 
CHANGEABLE MAGNETIC REGION IN MAGNET- 
IC DEVICES." 

[0003] More particularly, an MRAM cell is written by 
reversing the free region magnetization using applied 
bi-directional electrical and resultant magnetic stimuli 
via its respective bitline and wordline, and is later read 
by measuring the resultant tunneling resistance be- 
tween the bitline and wordline, which assumes one of 
two values depending on the relative orientation of the 
magnetization of the free region with respect to the ref- 
erence region. (The term reference region is used 
broadly herein to denote any type of region which, in 
cooperation with the free or changeable region, results 
in a detectable state of the device as a whole.) If the free 
region is modeled as a simple elemental magnet having 
a direction of magnetization which is free to rotate but 



with a strong preference for aligning in either direction 
along its easy axis (+EA or -EA), and if the reference 
region is a similar elemental magnet but having a direc- 
tion of magnetization fixed in the +EA direction, then two 
5 states (and therefore the two possible tunneling resist- 
ance values) are defined for the cell: aligned (+EA/+EA) 
and anti-aligned (-EA/+EA). 

[0004] An ideal hysteresis loop characterizing the tun- 
nel junction resistance with respect to the applied EA 
field is shown in Fig. 2. The resistance of the tunnel junc- 
tion can assume one of two distinct values with no ap- 
plied stimulus in region 50, i.e., there is a lack of sensi- 
tivity of resistance to applied field below the easy axis 
flipping field strength +/- H c in region 50. If the applied 
easy axis field exceeds +/- H c , then the cell is coerced 
into its respective high resistance (anti-aligned magnet- 
ization of the free region with respect to the reference 
region) or low resistance (aligned magnetization of the 
free region with respect to the reference region) state. 
[0005] Even if the magnetization pattern of the two re- 
gions forming the tunnel junction is simple, reversing the 
direction of magnetization in the free region during writ- 
ing can actually affect one or both regions in unexpected 
ways. For example, the reversal of the free region during 
writing can result in the inclusion of a magnetic vortex 
or complex magnetic domain walls, pinned by a defect 
or by edge roughness. Because the junction resistance 
depends on the dot product rn free m reference averaged 
over the junction area, inclusion of such complex micro- 
magnetic structures in the magnetization pattern can 
substantially corrupt the measured tunnel junction re- 
sistance during reading. 

[0006] For example, shown in Fig. 3 is the magneti- 
zation pattern in a free magnetic region 59 formed sym- 
metrically about its easy axis E A in which a complicated 
wall structure is clearly evident between otherwise ac- 
ceptable magnetization pattern regions. This overall 
magnetization pattern was attained from a nominally 
uniformly magnetized sample (both top and bottom lay- 
ers originally pointing to the right), for which the easy 
axis bias was swept from +700 Oe to -700 Oe and back 
to +700 Oe. The reversal of magnetization evolved to a 
complicated structure as the field was swept from +700 
Oe down to about -280 Oe. Fig. 4 is a hysteresis loop 
depicting the net direction of magnetization averaged 
over the device versus applied easy axis field for this 
corrupt sample. The non-square nature of region 50, re- 
sulting in a cell which will not predictably assume either 
one of its two states upon the removal of the easy axis 
applied field, is due to the evolution of such complex 
micromagnetic structures in the cell. 
[0007] Some improvements in this situation are pos- 
sible. For example, in U.S. Patent Application No. 
09/021,515 entitled "INTENTIONAL ASYMMETRY IM- 
POSED DURING FABRICATION AND/OR ACCESS 
OF MAGNETIC TUNNEL JUNCTION DEVICES," the 
present inventors have disclosed a technique for avoid- 
ing the evolution of some of the undesirable micromag- 
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netic structures in typical MRAM cells. Substantial im- 
provements have been demonstrated, and in the best 
of cases no wall structures evolve during the cycling of 
fields used for reversing magnetization. However, as 
shown in the free region 69 of Fig. 5, for even these 5 
improved conditions, there can still be a substantial twist 
in the magnetization pattern. This twist causes the un- 
desirable, rounded shape in the resistance versus field 
hysteresis loop shown in Fig. 6. 

[0008] Though the problems discussed above relate to 
to magnetic tunnel junction devices, similar problems 
exist in any magnetic device in which a magnetoresis- 
tive effect is used as a basis for electrical interaction (e. 
g., giant magnetoresistive ("GMR") devices). This inter- 
action is broadly referred to herein as magnetoresistive is 
electrical interaction. 

[0009] The non-ideal behavior in the magnetization 
reversal process in such devices results in a reduction 
in the useful parametric window of operation at best, or 
a total collapse of the square hysteresis loop necessary 
for storage at worst. What is required, therefore, is an 
improvement in the electrical performance of a well-be- 
haved magnetoresistive device even if the magnetiza- 
tion patterns in the free region do not uniformly assume 
a single one of two possible directions of magnetization. 

Summary of the Invention 

[0010] The present inventors have realized that the 
electrical and magnetic properties of magnetoresistive 
devices are to some extent separable. The electrical in- 
teraction region, for example, a tunneling region, can 
therefore be modified to allow regions thereof to be more 
or less electrically conductive, while leaving the overall 
magnetic structure and evolution patterns of the device 
virtually unchanged. This modification enables the lim- 
iting of the electrical interaction with the device to a pre- 
ferred portion of the free magnetic region, thereby min- 
imizing or completely eliminating the effects of the 
above-described, undesirable magnetization patterns in 
other portions of the free region. 
[0011] In that regard, the present invention, in one as- 
pect, relates to a magnetoresistive device, having a first 
magnetic layer formed in conjunction with at least one 
other structure in said device, such that upon magne- 
toresistive electrical interaction therewith, said electrical 
interaction (e.g., electrical tunneling) occurs only 
through a preferred portion of the first magnetic layer 
and not any remaining portion thereof. The first magnet- 
ic layer may be changeable into one of at least two sub- 
stantially opposing magnetic states along an axis there- 
of, and the preferred portion of the first magnetic layer 
may be centered about a midpoint of the axis. The pre- 
ferred portion of the first magnetic layer may be less than 
50% of the size of the first magnetic layer measured in 
a first lateral dimension parallel to the axis. 
[001 2] To limit the electrical interaction only to the pre- 
ferred portion of the first magnetic layer, the at least one 



other structure in the device may be an electrical inter- 
action region smaller than the first magnetic layer and 
arranged in a conductive relationship to the preferred 
portion of the first magnetic layer, thereby effecting elec- 
trical interaction only through the preferred portion of the 
first magnetic layer, and not the remaining portion there- 
of. The at least one other structure in the device may 
also comprise an electrically insulating region arranged 
in an insulating relationship to the remaining portion of 
the first magnetic layer, but not the preferred portion 
thereof, thereby effecting electrical interaction only 
through the preferred portion of the magnetic layer and 
not the remaining portion thereof. 
[0013] The magnetoresistive device can be used as 
a magnetic memory cell in a magnetic memory, or as an 
access element adapted to access data on a magnetic 
data storage medium. 

[0014] In another aspect, the present invention re- 
lates to a method for accessing a magnetoresistive de- 
vice having a first magnetic region changeable into each 
of two magnetic states. The method includes limiting 
electrical interaction to only a preferred portion of the 
first magnetic region, and not any remaining portion 
thereof. The preferred portion of the first magnetic re- 
gion comprises a region wherein each of two magnetic 
states into which the region is changeable can be de- 
pendably predicted to be substantially uniform and op- 
posite of one another. 

[001 5] The method may include using an electrical in- 
teraction region formed to effect electrical interaction 
only through the preferred portion of the first magnetic 
region and not the remaining portion thereof. This may 
be accomplished by forming the interaction region to be 
electrically conductive proximate to the preferred por- 
tion of the first magnetic region, and using insulation 
formed to prevent electrical interaction through the re- 
maining portion of the first magnetic region. 
[001 6] In yet another aspect, the present invention re- 
lates to a method for forming a magnetoresistive device, 
including forming an electrical interaction region through 
which electrical interaction will occur upon access of 
said device. A first magnetic layer changeable into each 
of two magnetic states is formed proximate to, and larg- 
er than, the interaction region such that upon said ac- 
cess said electrical interaction will occur only through a 
preferred portion of the first magnetic layer, determined 
by the resultant position of the interaction region proxi- 
mate to which the first magnetic layer is formed, and not 
any remaining portion thereof. 
[001 7] The formation of the interaction region may in- 
clude decreasing an electrically insulative effect in a giv- 
en region of an otherwise insulating region thereby form- 
ing the interaction region in the given region. Decreasing 
the electrically insulating effect in the given region may 
include providing less electrical insulation in the given 
region. 

[0018] The formation of the interaction region may al- 
so include forming electrical insulation in areas at least 
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partially around the interaction region to prevent electri- 
cal interaction in these areas and therefore in the re- 
maining portion of the first magnetic layer. The electrical 
insulation may be formed by depositing the insulation in 
these areas at least partially around the interaction re- 
gion, or by ion-implanting these areas to convert the ar- 
eas from an otherwise non-insulating material into an 
insulating material, while isolating the interaction region 
from the ion-implanting, thereby maintaining an electri- 
cally conductive characteristic of the interaction region. 
[0019] By limiting electrical interaction to only a pre- 
ferred portion of the free magnetic region, within which 
the direction and uniformity of the two states of magnet- 
ization can be dependably predicted, the resultant re- 
sistance response, and therefore the overall electrical 
interaction response, is improved. 

Brief Description of the Drawings 

[0020] The subject matter which is regarded as the 
invention is particularly pointed out and distinctly 
claimed in the concluding portion of the specification. 
The invention, however, both as to organization and 
method of practice, together with further objects and ad- 
vantages thereof, may best be understood by reference 
to the following detailed description of the preferred em- 
bodiments) and the accompanying drawings in which: 

Figs. 1 a-b depict an MR AM array having a plurality 
of magnetic memory cells at the intersections of 
crossing bitlines and wordlines, and an individual 
magnetic tunnel junction memory cell, respectively; 

Fig. 2 is an ideal hysteresis loop of the measured 
resistance versus applied easy axis field for an ideal 
magnetic tunnel junction device; 

Fig. 3 depicts a magnetization pattern of a sample, 
symmetrically formed free magnetic region, having 
a complex micromagnetic wall structure therein; 

Fig. 4 is a calculated hysteresis loop of the sample 
region of Fig. 3; 

Fig. 5 depicts an improved magnetization pattern 
of a sample free region using techniques of a relat- 
ed U.S. Patent Application; 

Fig. 6 is a measured hysteresis loop of the sample 
region of Fig. 5; 

Fig. 7 again depicts the magnetization pattern of the 
free region of Fig. 5, having super-imposed thereon 
indicia representing smaller preferred portions 
where the two possible directions of magnetization 
can be dependably predicted to be substantially 
uniform and opposite of one another; 



Fig. 8 shows three measured hysteresis loops of 
the super-imposed regions represented in Fig. 7, 
respectively; 

s Fig. 9 is an exemplary embodiment of a magnetic 
tunnel junction device formed in accordance with 
the present invention wherein the electrical tun- 
neling is limited to a preferred portion of the free 
magnetic region by using a smaller tunneling re- 

10 gion, and insulation, positioned proximate thereto; 

Figs. 10a-e depict a first fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven- 
ts tion; 

Figs. 11a-e depict a second fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven- 
20 tion; 

Figs. 12a-c depict a third fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven- 
ts tion; and 

Figs. 13a-c depict a fourth fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven- 
30 tion. 

Detailed Description of the Preferred Embodiments 

[0021 ] The principles of the present invention regard- 
35 jng the use and formation of magnetoresistive devices 
(e.g., magnetic tunnel junctions) in which electrical in- 
teraction only occurs through a preferred portion of the 
free magnetic region are discussed below with refer- 
ence to Figs. 7-1 3. However, by way of background, the 
40 general principles underlying the formation and opera- 
tion of the magnetic memory array depicted in Figs, la- 
ta are first briefly discussed, in accordance with the 
above-incorporated U.S. Patents 5,640,343 and 
5,650,958. 

45 [0022] With reference to Fig. 1a, an exemplary MRAM 
array includes a set of electrically conductive lines that 
function as parallel word lines 1, 2, and 3 in a horizontal 
plane, and a set of electrically conductive lines that func- 
tion as parallel bit lines 4, 5, and 6 in another horizontal 

50 plane. The bit lines are oriented in a different direction, 
e.g., at right angles to the word lines, so that the two 
sets of lines intersect when viewed from above. A mem- 
ory cell, such as typical memory cell 9 shown in detail 
in Fig. 1b, is located at each crossing point of the word 

55 lines and bit lines in the intersection region vertically 
spaced between the lines. Three word lines and three 
bit lines are illustrated in Fig. 1 a, but the number of lines 
would typically be much larger. The memory cell 9 is ar- 



4 



7 



EP 0 936 624 A2 



8 



ranged in a vertical stack and may include a diode 7 and 
a magnetic tunnel junction ("MTJ") 8. During operation 
of the array, current flows in a vertical direction through 
the cell 9. The vertical current path through the memory 
cell permits the memory cell to occupy a very small sur- 
face area. Contact to the word lines, the MTJ, the diode, 
and the contact to the bit line all occupy the same area. 
While not shown in Fig. 1a, the array may be formed on 
a substrate, such as a silicon substrate on which there 
would be other circuitry. Also, a layer of insulating ma- 
terial is usually located between the bit lines and word 
lines at regions of the MRAM other than the intersecting 
regions. The structure of the memory cell 9 is described 
in more detail with reference to Fig 1 b. The memory cell 
9 is formed on and in contact with a word line 3 (Fig. 
1a). The memory cell 9 comprises a vertical stack of a 
diode-like device, e.g., silicon junction diode 7, and an 
MTJ 8 in electrical series connection. The diode 7 is a 
silicon junction diode that comprises an n-type silicon 
layer 1 0 and a p-type silicon layer 1 1 . The diode's p-type 
silicon layer 11 is connected to the MTJ 8 via a tungsten 
stud 12. The diode's n-type silicon layer 10 is connected 
to word line 3. 

[0023] The MTJ 8 may be formed of a series of layers 
of material stacked one on top of the other. The MTJ 8 
of Fig. 1b comprises a template layer 15, such as Pt, 
an initial ferromagnetic layer 16, such as permalloy 
(NiFe), an antiferromagnetic layer (AF) 18, such as Mn- 
Fe, a fixed or "pinned" type of reference ferromagnetic 
layer (FMF) 20, such as Co, Fe or permalloy, a thin tun- 
neling barrier layer 22 of alumina (Al 2 0 3 ), a soft, 
changeable "free" ferromagnetic layer (FMS) 24, such 
as a sandwich of thin Co-Fe with permalloy, and a con- 
tact layer 25, such as Pt. 

The free layer is fabricated to have a preferred axis for 
the direction of magnetization called the easy axis 
("EA"). There are two possible directions of magnetiza- 
tion of the free layer along this easy axis which define 
the two states of the memory cell. In contrast, the refer- 
ence layer may be fabricated to have only one preferred 
direction of magnetization, called its unidirectional ani- 
sotropy direction, and this direction is parallel to the easy 
axis of the free layer. The desired easy axis for the free 
layer is set by some combination of intrinsic anisotropy, 
strain-induced anisotropy and shape anisotropy of the 
MTJ. The MTJ and free layer depicted may be made in 
the shape of a rectangle of length L and width W, where 
L is larger than W (Fig. 1b). The magnetic moment of 
the free layer prefers to align along the direction of L 
[0024] The unidirectional anisotropy direction of the 
reference layer is set by growing the Fe-Mn AF layer 18 
on the initial ferromagnetic layer 16, which is itself grown 
on the template layer 1 5, such as Pt or Cu or Ta. The 
template layer 15 inducesa 111 crystallographic texture 
in the initial ferromagnetic layer 16. These layers are 
deposited in a magnetic field directed parallel to the de- 
sired easy axis of the free layer, creating the desired 
intrinsic unidirectional anisotropy direction of the refer- 



ence layer. Alternatively, the AF layer can be deposited 
on the template layer in a sufficiently large magnetic field 
parallel to the said easy axis while heating the substrate 
to a temperature higher than the blocking temperature 

5 of the AF material. In this alternative, the initial ferro- 
magnetic layer 16 is not required. It is also possible to 
take advantage of the magnetostriction of the fixed layer 
to develop, during processing, a magnetic anisotropy 
which aligns magnetization along the applied magnetic 

10 field direction during deposition. 

[0025] Because of exchange coupling between the 
reference and AF layers, the magnetization direction of 
the reference layer is more difficult to change than that 
of the free layer. In the range of fields applied by currents 

is through the bit and word lines, the magnetization direc- 
tion of the reference layer is fixed or pinned, in this em- 
bodiment. Shape anisotropy of the reference layer, 
which follows the shape anisotropy of the MTJ, provides 
additional stability of the magnetization direction of the 

20 fixed layer. The magnetic fields applied to write the 
memory cell are large enough to reverse the direction 
of magnetization of the free layer, but not the direction 
of the reference layer. Thus, the magnetization of the 
fixed layer does not change direction during operation 

25 of the memory cells in the MRAM. 

[0026] During array operation, when a sufficiently 
large current is passed through both a write line and a 
bit line of the MRAM, the self-field of the combined cur- 
rent at the intersection of the write and bit lines will rotate 

30 the magnetization of the free layer of the single partic- 
ular MTJ located at the intersection of the energized 
write and bit lines. The current levels are designed so 
that the combined self-field exceeds the switching field 
of the free layer. This self-field is designed to be much 

35 smaller than the field required to rotate the magnetiza- 
tion of the reference layer. The cell array architecture is 
designed so that the write currents do not pass through 
the MTJ itself. The memory cell is read by passing a 
sense current perpendicularly through the diode and 

40 MTJ from the reference layer through the tunnel junction 
barrier to the free layer (or vice versa). Since the resist- 
ance of the A1 2 0 3 tunnel barrier is strongly dependent 
on the thickness of the A1 2 0 3 layer, approximately var- 
ying exponentially with the thickness of this layer, this 

45 means that the electrical current largely flows perpen- 
dicularly through the Al 2 0 3 tunnel barrier. The probabil- 
ity of a charge carrier tunneling across the barrier falls 
off strongly with increasing AlgC^ thickness so the only 
carriers that tunnel across the junction are those which 

50 traverse perpendicular to the junction layer. The state of 
the memory cell is determined by measuring the resist- 
ance of the memory cell when a sense current, much 
smaller than the write currents, is passed perpendicu- 
larly through the MTJ. The self-field of this sense or read 

55 current is negligible and does not affect the magnetic 
state of the memory cell. The probability of tunneling of 
charge carriers across the tunnel barrier depends on the 
relative alignment of the magnetic moments of the free 
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and the reference layers. The tunneling current is spin 
polarized, which means that the electrical current pass- 
ing from one of the ferromagnetic layers, for example, 
the fixed layer, is predominantly composed of electrons 
of one spin type (spin up or spin down, depending on s 
the orientation of the magnetization of the fe rromagnetic 
layer). The degree of spin polarization of the current is 
determined by the electronic band structure of the mag- 
netic material comprising the ferromagnetic layer at the 
interface of the ferromagnetic layer with the tunnel bar- 
rier. The first ferromagnetic layer tunnel barrier thus acts 
as a spin filter. The probability of tunneling of the charge 
carriers depends on the availability of electronic states 
of the same spin polarization as the spin polarization of 
the electrical current in the second it ferromagnetic lay- 
er. Usually, when the magnetic moment of the second 
ferromagnetic layer is aligned to the magnetic moment 
of the first ferromagnetic layer, there are more available 
electronic states than when the magnetic moment of the 
second ferromagnetic layer is aligned anti-aligned to 
that of the first ferromagnetic layer. Thus, the tunneling 
probability of the charge carriers is highest when the 
magnetic moments of both layers are aligned, and is 
lowest when the magnetic moments are anti-aligned. 
When the moments are arranged, neither aligned nor 
anti-aligned, the tunneling probability takes an interme- 
diate value. Thus, the electrical resistance of the cell de- 
pends bn both the spin polarization of the electrical cur- 
rent and the electronic states in both of the ferromag- 
netic layers. As a result, the two possible magnetization 
directions of the free layer uniquely define two possible 
bit states (0 or 1) of the memory cell. 
[0027] In accordance with the present invention, and 
with reference to Fig. 7, exemplary preferred portions 
of the free magnetic region of a cell 69 are identified and 
shown as 25% and 50% of the size of the entire (1 00%) 
free region measured along its easy axis. These pre- 
ferred regions may be centered at the midpoint of the 
easy axis, as shown. As the magnetization starts to re- 
verse, the magnetization patterns in the outer edges of 
the free region start to curl up or down. However, in the 
preferred, middle region of the free region shown, the 
magnetization pattern remains substantially parallel to 
the easy axis. Therefore, in accordance with the present 
invention, techniques are disclosed to limit electrical in- 
teraction (e.g, tunneling) through only a preferred por- 
tion of the free magnetic region, e.g., the portion in which 
the magnetization pattern can be dependably predicted 
to assume one of two uniform, substantially opposing 
states, substantially parallel to the easy axis. 
[0028] The three measured hysteresis loops for elec- 
trical tunneling through the respective regions of Fig. 7 
are shown in Fig. 8. As the tunneling is limited from 
100% (curve 74) to 50% (curve 72) and finally to 25% 
(curve 70), the hysteresis loops become more square, 
and the regions of interest become more separated from 
each other. This behavior is desirable for compatibility 
with standard chip design techniques, in which toleranc- 



es for operation must be maintained. 
[0029] With reference to Fig. 9, exemplary magnetic 
tunnel junction device 109 is shown in which tunneling 
is limited to a preferred portion of free magnetic region 
1 24 by using a smaller tunneling region 1 22. Reference 
magnetic region 120 may be the same size as the tun- 
neling region. Any particular structure used to limit elec- 
trical interaction to a preferred portion of free region 124 
is contemplated by the present invention. To prevent in- 
teraction in the regions outside of the preferred portion 
of free region 124, insulating regions 130 t and 130 2 can 
be used (adjacent the tunneling region 122 and the ref- 
erence region 120) which prevent electrical tunneling 
through the remaining portions of layer 124 outside of 
the preferred portion thereof. Though Fig. 9 shows lim- 
iting tunneling in the direction parallel to the easy axis, 
tunneling can be similarly limited along any arbitrary ax- 
es of the free region to thereby limit tunneling to any 
arbitrarily located, but preferred, portion of the free re- 
gion. 

[0030] Figs. 10-13 represent alternative techniques 
for fabricating the structures required to limit the electri- 
cal tunneling through only the preferred portion of the 
free magnetic region, in accordance with the present in- 
vention. It will be understood by those skilled in the art 
that other regions of the magnetic tunnel junction device 
(e.g. , diode 7) can be formed, without departing from the 
present invention. Such regions are omitted from Figs. 
10-13 for clarity. (Throughout these figures the prime ■ 
' "designation is used to denote regions as they exist 
prior to the completion of the process.) 
[0031] A first fabrication embodiment is depicted in 
Figs. 10a-e for forming magnetic tunnel junction device 
209. With reference to Fig. 10a, reference magnetic re- 
gion 220' (e.g., MnFe, NiFe, or any suitable magnetic 
material), tunneling region 222' (e.g., Al, Al 2 0 3 , fully or 
partially oxidized Al, or Si0 2 ), and free region 224' (e. 
g., NiFe or any suitable magnetic material) are first de- 
posited, over which a mask 200 (suitable photoresist 
material) is placed. Areas of those three regions are 
shown removed by, for example, etching, in Fig. 10b, 
wherein regions under the mask 200 are shown pre- 
served. In Fig. 10c, an overlying layer of insulation is 
formed, forming adjacent regions 230/ and 230 2 \ Fig. 
10d shows the resultant structure following the removal 
of mask 200, and its overlying insulation. Layers 220', 
222' and 224' are now surrounded by insulating regions 
230/ and 230 2 (e.g. , AI 2 O a or Si0 2 ). A final layer of free 
magnetic material is then deposited over and beyond 
the formed stack, thereby resulting in a larger, combined 
magnetically free region 224, as shown in Fig. 10e. Tun- 
neling through combined free region 224 is therefore 
limited to an exemplary middle, preferred portion there- 
of, according to the smaller tunneling region 222, and 
the now underlying insulating regions 230 1 and 230 2 . 
[0032] A second fabrication embodiment is depicted 
in Figs. 11a«e for forming magnetic tunnel junction de- 
vice 309. In Fig. 11a, reference magnetic region 320' is 
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deposited, over which a tunneling layer 322' is deposit- 
ed, over which mask 300 is placed. In Fig. 1 1 b, the stack 
of regions 320', 322' and 300 is defined by using, for 
example, etching around mask 300. In Fig. 11c, an in- 
sulation layer is deposited over the structure forming in- 
sulating regions 330^ and 330 2 \ which surround the 
stack of layers 320' and 322'. In Fig. 11d, upon removal 
of the mask 300 and its overlying insulation, tunneling 
region 322' remains over a magnetically reference re- 
gion 320', both surrounded by insulating regions 330., ' 
and 330 2 \ Finally, in Fig. 11e, a free magnetic layer 324 
is deposited over the structure, and extends beyond the 
edges of the stack defined by reference region 320' and 
tunneling region 322\ resulting in tunnel junction device 
309, wherein the tunneling occurs only through the mid- 
dle, preferred portion of free magnetic layer 324. Tun- 
neling is prevented outside of the middle, preferred re- 
gion by insulation regions 330 1 and 330 2 . 
[0033] A third fabrication embodiment is depicted in 
Figs. 12a-c for forming magnetic tunnel junction device 
409. In Fig. 12a, magnetic reference region 420' is de- 
posited, followed by deposition of a tunneling layer com- 
prising tunneling region 422\ and an insulating layer, in- 
terrupted by mask 200, forming adjacent insulating re- 
gions 430^ and 430 2 \ The material forming region 422', 
as well as regions 430-,' and 430 2 comprise the same 
insulating material, however, the thinned middle, pre- 
ferred tunneling region designated 422' results in great- 
er electrical conduction in that region. In Fig. 12b, mask 
200 is removed, and in its place, in Fig. 12c, magneti- 
cally free region 424 is deposited beyond the thinned 
tunneling region 422, such that tunneling only occurs 
through a middle, preferred portion of magnetically free 
region 424, and tunneling is prevented outside of this 
middle, preferred region by the thicker insulating regions 
430t and 430 2 . 

[0034] A fourth fabrication embodiment is depicted in 
Figs. 13a-c for forming magnetic tunnel junction device 
509. In Fig. 13a f magnetic reference region 520' is de- 
posited, over which conductive layer 52V is deposited, 
formed from, for example, aluminum (Al). Another insu- 
lating layer to form tunneling region 522' is then depos- 
ited (or alternatively the Al is only partially oxidized to 
form the tunneling region 522'), over which the magnet- 
ically free region 524' is deposited. A protective mask 
500 is defined over the structure. Oxygen ions (0 2 ) 501' 
are then ion-implanted into the structure, and an anneal 
step results in regions 530^ and 530 2 \ formerly alumi- 
num, being converted to insulating AI 2 O a regions. How- 
ever, mask 500 absorbs the ions and prevents the con- 
version of the smaller region 521 of the aluminum layer 
into an insulating layer in tunneling region 522'. In Fig. 
13c, following mask removal, magnetic tunnel junction 
device 509 results having a tunneling region 522' prox- 
imate the middle, preferred portion of free layer 524, and 
thicker, insulating regions 530 1 and 530 2 outside of this 
preferred portion. Therefore, electrical tunneling only 
occurs through the middle, preferred portion of free re- 



gion 524, as determined by this structure of mixed con- 
ductive/insulating regions. 

[0035] Described herein is an additive process which 
increases the insulating characteristics on the sides of 
s the preferred tunneling region. A subtractive approach 
is also possible in which the electrical conductivity is in- 
creased at the preferred portion of the tunnel junction 
by implantation or irradiation. 

[0036] The masks discussed above could serve dual 

10 purposes, i.e., they could also be part of a bitline so that 
a self-masking structure is realized. 
[0037] The present embodiment is discussed above 
primarily in connection with magnetic tunnel junction 
("MTJ") devices. However, the principles of the present 

is invention extend to any type of magnetoresistive device, 
for example, giant magnetoresistive ("GMR") devices in 
which current scattering effects are used to access the 
device. Limiting the current interaction to preferred are- 
as of the magnetic regions in these devices will similarly 

20 improve the overall response of the device. 

[0038] Although the invention is disclosed herein pri- 
marily in connection with MRAM, the improvements dis- 
closed herein are also applicable to other devices that 
could be made from magnetoresistive devices. In par- 

25 ticular, these improvements could be applied to magnet- 
ic devices in general, including logic devices and sen- 
sors such as magnetic recording heads. 
[0039] In that regard, the present invention is applica- 
ble to sensors in general, e.g., magnetoresistive access 

30 elements mounted on disk drive heads. In disk drives, 
the magnetization patterns of the access element are 
varied according to magnetic fields caused by an under- 
lying magnetic data storage moving relative to the ac- 
cess element. The resultant magnetization in the access 

35 element is then electrically sensed to determine the rel- 
ative orientation of the magnetization in the access ele- 
ment. Sensors often have a reduced sensitivity because 
of the edges of the magnetic regions where the magnet- 
ization tends to be locked in a direction parallel to the 

40 edge. These areas shunt current away from the active 
part of the sensors and reduce its sensitivity. In accord- 
ance with the principles of the present invention, using 
only preferred portions of the magnetically changeable 
region in the access element for electrical tunneling will 

45 improve the overall electrical and magnetic response of 
these access elements. 

[0040] The principles of the present invention can be 
used alone, or in combination with others disclosed in 
the above-identified, co-filed U.S. Patent Applications. 

50 For example, by restricting the magnetic writing stimulus 
to a preferred portion of the changeable magnetic re- 
gion, the magnetization reversal process can be im- 
proved. Limiting the magnetic writing stimulus to a pre- 
ferred portion of the changeable region can be accom- 

55 plished in accordance with the principles of the above- 
incorporated U.S. Patent Application entitled "LIMITING 
MAGNETIC WRITING FIELDS TO A PREFERRED 
PORTION OF A CHANGEABLE MAGNETIC REGION 
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IN MAGNETIC DEVICES." 

[0041] In addition, arrays of multiple junctions (e.g., 
arranged in parallel), as well as the other multiple junc- 
tion approaches can be employed as disclosed in the 
above-incorporated U.S. Patent Application entitled 
•MAGNETIC MEMORY DEVICES HAVING MULTIPLE 
MAGNETIC TUNNEL JUNCTIONS THEREIN." 
[0042] Asymmetric cell arrangement and stimulus ap- 
proaches can also be used such as those disclosed in 
the above-incorporated U.S. Patent Application entitled 
"INTENTIONAL ASYMMETRY IMPOSED DURING 
FABRICATION AND/OR ACCESS OF MAGNETIC 
TUNNEL JUNCTION DEVICES." 
[0043] The present invention provides an improve- 
ment in the electrical performance of even the most well- 
behaved magnetoresistive devices, since even in such 
well-behaved devices, the magnetically free regions 
may not uniformly assume a single one of two possible 
directions of magnetization. By limiting electrical inter- 
action only to preferred portions of the magnetically free 
regions, e.g., the portions within which the magnetiza- 
tion can be dependably predicted to uniformly assume 
one of two substantially opposing directions, the per- 
formance of the device is improved. 
[0044] In summary magnetoresistive devices are dis- 
closed which include a changeable magnetic region 
within which at least two magnetic states can be im- 
posed. Upon magnetoresistive electrical interaction with 
the device, the relative orientation of the magnetic states 
of the changeable magnetic region, and a proximate ref- 
erence magnetic region, can be sensed thereby provid- 
ing a binary data storage capability. The present inven- 
tion limits the electrical interaction to only a preferred 
portion of the changeable magnetic region, e.g., the por- 
tion within which the two magnetic states can be de- 
pendably predicted to be substantially uniform, and op- 
posite of one another. Structures for limiting the electri- 
cal interaction to this preferred portion of the changeable 
magnetic region are disclosed, and include smaller in- 
teraction regions, and alternating areas of insulation and 
conductive, interaction regions, disposed proximate the 
changeable magnetic region. The principles of the 
present invention can be applied to magnetic random 
access memory ("MRAM") arrays, which employ giant 
magnetoresistive ("GMR") cells, or magnetic tunnel 
junction ("MTJ") cells, at the intersections of bitlines and 
wordlines, and also to magnetic sensors such as mag- 
netic data storage devices having access elements 
used to access data on a magnetic data storage medi- 
um, 

[0045] While the invention has been particularly 
shown and described with reference to preferred em- 
bodiment(s) thereof, it will be understood by those 
skilled in the art that various changes in form and details 
may be made therein without departing from the spirit 
and scope of the invention. 



Claims 

1. A magnetoresistive device, comprising: 

a first magnetic region formed in conjunction 
5 with at least one other structure in said device, such 
that upon magnetoresistive electrical interaction 
therewith, said interaction occurs only through a 
preferred portion of said first magnetic region. 

10 2. A magnetoresistive device of claim 1 , wherein: 

the first magnetic region is changeable into 
one of at least two substantially opposing magnetic 
states along an axis thereof, and wherein said pre- 
ferred portion of said first magnetic region is cen- 
ts tered about a midpoint of said axis. 

3. The magnetoresistive device of claim 2, wherein 
said preferred portion of said first magnetic region 
is less than about 50% of the size of said first mag- 

20 netic region measured in a first lateral dimension 
parallel to said axis. 

4. The magnetoresistive device of claim 3, wherein 
said preferred portion is about 25% of the size of 

25 said first magnetic region measured in said first lat- 
eral dimension parallel to said axis. 

5. The magnetoresistive device of claim 1 , 2, 3 or 4 
wherein said at least one other structure in said de- 

30 vice comprises an electrical interaction region 
smaller than said first magnetic region and ar- 
ranged in a conductive relationship to said preferred 
portion of said first magnetic region thereby effect- 
ing said interaction only through said preferred por- 

35 tion of said first magnetic region, and not any re- 
maining portion thereof. 

6. The magnetoresistive device of any of claims 1 to 

5, wherein said at least one other structure in said 
40 device comprises an electrically insulating region 

arranged in an insulating relationship to the remain- 
ing portion of the first magnetic region but not the 
preferred portion thereof, thereby effecting said in- 
teraction only through said preferred portion of said 
45 first magnetic region and not any remaining portion 
thereof. 

7. The magnetoresistive device of any of claims 1 to 

6, in combination with a magnetic memory, the mag- 
50 netoresistive device comprising a magnetic memo- 
ry cell in said magnetic memory, the magnetic mem- 
ory comprising: 

first and second pluralities of crossing conduc- 
55 tive lines forming a plurality of intersecting re- 

gions; and 

a plurality of magnetic memory cells, including 
said magnetic memory cell, each disposed at a 
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respective one of the plurality of intersecting re- 
gions and being accessed by the respective 
crossing lines forming its respective intersect- 
ing region. 

8. The magnetoresistive device of any of claims 1 to 
7, wherein: 

said preferred portion of said first magnetic re- 
gion comprises a region wherein each of two mag- 
netic states into which the first magnetic region is 
changeable can be dependably predicted to be sub- 
stantially uniform and opposite of one another. 

9. A magnetoresistive device, comprising: 

a first planar magnetic layer changeable into 
each of two magnetic states; and 
an electrical interaction region smaller in lateral 
size than said first planar magnetic layer and 
positioned with respect to said first planar mag- 
netic layer to effect magnetoresistive electrical 
interaction only through a preferred portion of 
said first planar magnetic layer. 

10. The magnetoresistive device of claim 10, further 
comprising: 

electrically insulting material positioned to 
prevent said electrical interaction through said re- 
maining portion of said first magnetic layer. 

11. A method for accessing a magnetoresistive device 
having a first magnetic region changeable between 
at least two magnetic states, comprising: 

limiting magnetoresistive electrical interaction 
to a preferred portion of said first magnetic region. 

12. The method of claim 12, wherein: 

said preferred portion of said first magnetic re- 
gion comprises a region wherein each of the two 
magnetic states can be dependably predicted to be 
substantially uniform and opposite of one another. 

13. The method of claim 12 or 13 wherein: 

said limiting includes using an electrical inter- 
action region formed to effect said magnetoresistive 
electrical interaction only through said preferred 
portion of said first magnetic region and not any re- 
maining portion thereof. 

14. The method of claim 14, wherein: 

said electrical interaction region is formed to 
be electrically conductive proximate said preferred 
portion of said first magnetic region, and wherein 
said limiting further includes using electrical insula- 
tion formed to prevent said magnetoresistive elec- 
trical interaction through said remaining portion of 
said first magnetic region. 



15. A method for forming a magnetoresistive device, 
comprising: 

forming an electrical interaction region through 
5 which magnetoresistive electrical interaction 

will occur upon access of said device; and 
forming a first magnetic layer changeable into 
each of at least two magnetic states proximate 
to, and larger than, said electrical interaction re- 
10 gion such that upon said access said magne- 

toresistive electrical interaction will occur only 
through a preferred portion of said first magnet- 
ic layer determined by the resultant position of 
the electrical interaction region proximate to 
15 which said larger first magnetic layer is formed. 

16. The method of claim 16, wherein said forming an 
electrical interaction region includes: 

decreasing an electrically insulative effect in 
20 a given region of an otherwise insulating region 
thereby forming said electrical interaction region in 
said given region. 

17. The method of claim 17, wherein said decreasing 
25 the electrically insulative effect in said given region 

includes providing less electrical insulation in said 
given region. 

18. The method of claim 16, 17, or 18, wherein said 
30 forming the electrical interaction region includes: 

forming electrical insulation in areas at least 
partially around said electrical interaction region to 
prevent said magnetoresistive electrical interaction 
in said areas around said electrical interaction re- 
35 gion. 

1 9. The method of claim 1 9, wherein said forming elec- 
trical insulation includes depositing said insulation 
in said areas at least partially around said electrical 

40 interaction region. 

20. The method of claim 20, wherein said forming elec- 
trical insulation includes ion implanting said areas 
at least partially around said tunneling region to 

45 convert said areas from an otherwise non-insulating 
material into an insulating material, while isolating 
said tunneling region from said ion implanting, 
thereby maintaining an electrically conductive char- 
acteristic of said electrical interaction region. 

50 
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